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AMENDMENT 
(AMENDMENT under Article 1 1) 
To: Hon. Commissioner, Patent Office 

1. Indication of the International Application 
PCT/JP2004/016325 

2. Applicant 

Name: OPTICAL COMB INSTITUTE, INC 

Address: Tokyo Institute of Technology Incubation Center, 

1-381, Ishikawacho, Oota-ku, 

TOKYO 145-0061 JAPAN 
Nationality: JAPAN 
Residence: JAPAN 

3. Agent 

Name: (6773) Patent Attorney KOIKE Akira 

Address: 11th Floor, Yamato Seimei Bldg., 1-7, Uchisaiwai-cho 

1-chome, Chiyoda-ku, TOKYO 100-0011 JAPAN 

4. Item to be Amended DESCRIPTION and CLAIMS 

5. Contents of Amendment As per attached sheet 

(1) In the 'Problem to be solved by the Invention', the passage on page 8 lines 5 to 
7 of the specification running: 'The optical modulating means phase-modulates the 
light propagated in the outward path direction or the light propagated in the 
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backward path direction.' is corrected to read: 'The optical modulating means 
includes at least a light waveguide path, formed on a substrate exhibiting an 
electro-optical effect, and an electrode formed on the light waveguide path for 
propagating the modulating signal, oscillated by the oscillation means, in the 
outward path direction or in the backward path direction. The optical modulating 
means phase-modulates the light propagated in the outward path direction by the 
modulating signal propagated in the outward path direction, while 
phase^odulating the light propagated in the backward path direction by the 
modulating signal propagated in the backward path direction.' 
(2) In the 'Problem to be solved by the Invention', the passage on page 8 lines 8 to 
19 of the specification ranning: 'For accomplishing the above objects, an optical 
modulator according to the present invention comprises separating means for 
separating the incident light depending on the directions of polarization, polarized 
light control means for matching the directions of polarization of light components, 
obtained on separation, and oscillation means for oscillating a modulating signal of 
a preset frequency. The optical modulator also comprises resonator means formed 
by a pair of reflective mirrors, arranged parallel to each other, for propagating light 
incident from the polarized light control means via one of the reflective mirrors at 
respective different angles in the outward path direction or in the backward path 
direction for causing the state of resonance. The optical modulator further 
comprises light modulation means for modulating the phase of light, set in the 
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resonant state by the resonator means, depending on the modulating signal supplied 
from the modulating means.' is corrected to read: Tor accomplishing the above 
objects, an optical modulator according to the present invention comprises 
oscillation means for oscillating a modulating signal of a preset frequency, light 
propagating means for propagating the light incident on one end face thereof in the 
outward path direction or in the backward path direction, and optical modulating 
means arranged between the end faces for modulating the phase of the propagated 
light in dependence upon the modulating signal supplied from the oscillation means. 
The optical modulating means includes at least a light waveguide path, formed on a 
substrate exhibiting an electro-optical effect, and an electrode formed on the light 
waveguide path for propagating the modulating signal, oscillated by the oscillation 
means, in the outward path direction or in the backward path direction. The optical 
modulating means phase-modulates the light propagated in the outward path 
direction by the modulating signal propagated in the outward path direction, while 
phase^nodulating the light propagated in the backward path direction by the 
modulating signal propagated in the backward path direction. 

For accomplishing the above objects, an optical resonator according to the 
present invention comprises oscillation means for oscillating a modulating signal of 
a preset frequency, light propagating means for propagating the light incident on 
one end face thereof in the outward path direction or in the backward path direction, 
and light reflecting means including at least one reflecting mirror provided on a 
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light path inclusive of the light propagating means. The light reflecting means 
returns the light propagated from the light incident side in the light path direction to 
the light incident side. The optical resonator also includes optical modulating 
means arranged between the light incident side and the reflecting mirror and 
adapted for phase^odulating the propagated light depending on the modulating 
signal supplied from the oscillation means. The optical modulating means includes 
at least a light waveguide path, formed on a substrate exhibiting an electro^ptical 
effect, and an electrode formed on the light waveguide path for propagating the 
modulating signal, oscillated by the oscillation means, in the outward path direction 
or in the backward path direction. The optical modulating means phase-modulates 
the light propagated in the outward path direction by the modulating signal 
propagated in the outward path direction, while phase-modulating the light 
propagated in the backward path direction by the modulating signal propagated in 
the backward path direction.' 

(3) In the 'Problem to be solved by the Invention', the passage on page 9 lines 12 to 
14 of the specification running: 'The optical modulating means modulates the light 
propagated in the outward direction or in the backward direction' is corrected to 
read: *The optical modulating means includes at least a light waveguide path, 
formed on a substrate exhibiting electro-optical effect, and an electrode formed on 
the light waveguide path for propagating the modulating signal, oscillated by the 
oscillation means, in the outward path direction or in the backward path direction. 
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The optical modulating means phase-modulates the light propagated in the outward 
path direction by the modulating signal propagated in the outward path direction, 
while phase^odulating the light propagated in the backward path direction by the 
modulating signal propagated in the backward path direction,' 

(4) In the 'Problem to be solved by the Invention', the passage on page 10 lines 3 to 
6 of the specification running: 'and light modulation means for phase^odulating 
the light, which is set in resonant state by the resonator means, in dependence upon 
the modulating signal supplied from the oscillation means' is corrected to read: 
'and light modulation means including at least a light waveguide path, formed on a 
substrate exhibiting electro-optical effect, and an electrode formed on the light 
waveguide path for propagating the modulating signal, oscillated by the oscillation 
means, in the outward path direction or in the backward path direction. The optical 
modulating means phase-modulates the light propagated in the outward path 
direction by the modulating signal propagated in the outward path direction, while 
phase-modulating the light propagated in the backward path direction by the 
modulating signal propagated in the backward path direction,' 

(5) In the 'Problem to be solved by the Invention', the passage on page 10 lines 7 to 
12 of the specification running: 'With the optical modulator, in case the refractive 
index or the modulation efficiency of a material of light propagating means is 
strongly dependent on a particular direction of light polarization, the directions of 
light polarization of respective light components, separated by the light separating 
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means depending on the directions of light polarization, may be controlled to the 
same direction of polarization. Thus,' is corrected to read: 'With the optical 
modulator, in case the refractive index or the modulation efficiency of a material of 
light propagating means is strongly dependent on a particular direction of light 
polarization, the directions of light polarization of respective light components, 
separated by the light separating means depending on the directions of light 
polarization, may be controlled to the same direction of polarization. Moreover, 
since the phase modulation may be applied not only to light propagated on the 
waveguide path in the outward direction but also to light propagated on the 
waveguide path in the backward direction, the modulation efficiency may be 
improved . Thus, ' . 

(6) In claim 1 on page 51, the passage running: 'said optical modulating means 
phase-modulating the light propagated in said outward path direction or in said 
backward path direction; said optical modulating means being a waveguide path for 
propagating the light thereon.' is corrected to read: 'said optical modulating means 
including at least a light waveguide path, formed on a substrate exhibiting an 
electro-optical effect, and an electrode formed on said light waveguide path for 
propagating said modulating signal, oscillated by said oscillation means, in the 
outward path direction or in the backward path direction, said optical modulating 
means phase-modulates the light propagated in said outward path direction by said 
modulating signal propagated in said outward path direction, while 



7 

phase-modulating the light propagated in said backward path direction by said 
modulating signal propagated in said backward path direction.' 

(7) The claim 3 on page 52 of the specification is deleted. 

(8) In claim 8 on page 53 of the specification running: 'said optical modulating 
means modulating the light propagated in said outward path direction or in the 
backward path direction.' is corrected to read: *said optical modulating means 
including at least a light waveguide path, formed on a substrate exhibiting 
electro-optical effect, and an electrode formed on said light waveguide path for 
propagating said modulating signal, oscillated by said oscillation means, in the 
outward path direction or in the backward path direction, said optical modulating 
means phase-modulates the light propagated in said outward path direction by said 
modulating signal propagated in said outward path direction, while 
phase-modulating the light propagated in said backward path direction by said 
modulating signal propagated in said backward path direction.' 

(9) In claim 9 on page 53 of the specification running: *said optical modulating 
means modulating the light propagated in said outward path direction or the light 
propagated in said backward direction' is corrected to read: 'said optical 
modulating means including at least a light waveguide path, formed on a substrate 
exhibiting electro-optical effect, and an electrode formed on said light waveguide 
path for propagating said modulating signal, oscillated by said oscillation means, in 
the outward path direction or in the backward path direction, said optical 
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modulating means phase-modulates the light propagated in said outward path 
direction by said modulating signal propagated in said outward path direction, 
while phase-modulating the light propagated in said backward path direction by 
said modulating signal propagated in said backward path direction' 

(10) In claim 1 1 on page 54 of the specification running: 'and optical modulating 
means for phase^odulating the light caused to be resonant in said resonance 
means, responsive to said modulating signal supplied for said oscillation means/ is 
corrected to read: 'and optical modulating means for phase^odulating the light 
caused to be resonant in said resonance means, responsive to said modulating 
signal supplied for said oscillation means, said optical modulating means including 
at least a light waveguide path, formed on a substrate exhibiting electro-optical 
effect, and an electrode formed on said light waveguide path for propagating said 
modulating signal, oscillated by said oscillation means, in the outward path 
direction or in the backward path direction, said optical modulating means 
phase-modulates the light propagated in said outward path direction by said 
modulating signal propagated in said outward path direction, while 
phase-modulating the light propagated in said backward path direction by said 
modulating signal propagated in said backward path direction.' 

(11) After claim 12 on page 54 of the specification, add: * 13. An optical resonator 
comprising oscillation means for oscillating a modulating signal of a preset 
firequency, light propagating means for propagating the light incident on one end 
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face thereof in the outward path direction or in the backward path direction, light 
reflecting means including at least one reflecting mirror provided on a light path 
inclusive of said light propagating means, said light reflecting means returning the 
light propagated from the light incident side in the light path direction to the light 
incident side, and optical modulating means arranged between the light incident 
side and said reflecting mirror and adapted for phase-modulating the propagated 
light depending on said modulating signal supplied from said oscillation means; 
said optical modulating means including at least a light waveguide path, formed on 
a substrate exhibiting an electro-optical effect, and an electrode formed on said 
light waveguide path for propagating said modulating signal, oscillated by said 
oscillation means, in the outward path direction or in the backward path direction, 
said optical modulating means phase-modulates the light propagated in said 
outward path direction by said modulating signal propagated in said outward path 
direction, while phase-modulating the light propagated in said backward path 
direction by said modulating signal propagated in said backward path direction.' 
6. List of Attached Papers 
Pages 8, 8/1, 8/2, 9, 10 and 10/1 
Claims, pages 51, 51/1, 52, 53, 53/1, 54 and 54/1 
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reflecting mirror, for phase-modulating the light, resonant in the resonator means, 
responsive to the modulating signal supplied from the oscillation means, for 
generating a plurality of sidebands spaced apart from one another by an interval 
corresponding to the frequency of the modulating signal, with the frequency of the 
incident light as center. The optical modulating means includes at least a light 
waveguide path, formed on a substrate exhibiting an electro-optical effect, and an 
electrode formed on the light waveguide path for propagating the modulating signal, 
oscillated by the oscillation means, in the outward path direction or in the backward 
path direction. The optical modulating means phase-modulates the light propagated 
in the outward path direction by the modulating signal propagated in the outward 
path direction, while phase^odulating the light propagated in the backward path 
direction by the modulating signal propagated in the backward path direction. 

For accomplishing the above objects, an optical modulator according to the 
present invention comprises oscillation means for oscillating a modulating signal of 
a preset frequency, light propagating means for propagating the light incident on 
one end face thereof in the outward path direction or in the backward path direction, 
and optical modulating means arranged between the end faces for modulating the 
phase of the propagated light in dependence upon the modulating signal supplied 
from the oscillation means. The optical modulating means includes at least a light 
waveguide path, formed on a substrate exhibiting an electro -optical effect, and an 
electrode formed on the light waveguide path for propagating the modulating signal. 



8/1 

oscillated by the oscillation means, in the outward path direction or in the backward 
path direction. The optical modulating means phase^odulates the light propagated 
in the outward path direction by the modulating signal propagated in the outward 
path direction, while phase^odulating the light propagated in the backward path 
direction by the modulating signal propagated in the backward path direction. 

For accomplishing the above objects, an optical resonator according to the 
present invention comprises oscillation means for oscillating a modulating signal of 
a preset frequency, light propagating means for propagating the light incident on 
one end face thereof in the outward path direction or in the backward path direction, 
and light reflecting means including at least one reflecting mirror provided on a 
light path inclusive of the light propagating means. The light reflecting means 
returns the light propagated from the light incident side in the light path direction to 
the light incident side. The optical resonator also includes optical modulating 
means arranged between the light incident side and the reflecting mirror and 
adapted for phase-modulating the propagated light depending on the modulating 
signal supplied from the oscillation means. The optical modulating means includes 
at least a light waveguide path, formed on a substrate exhibiting an electro-optical 
effect, and an electrode formed on the light waveguide path for propagating the 
modulating signal, oscillated by the oscillation means, in the outward path direction 
or in the backward path direction. The optical modulating means phase-modulates 
the light propagated in the outward path direction by the modulating signal 
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propagated in the outward path direction, while phase-modulating the light 
propagated in the backward path direction by the modulating signal propagated in 
the backward path direction. 

With the optical frequency comb generator and the optical modulator, 
described above, phase modulation may be applied to both the light propagated in 
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the outward path direction and that propagated in the backward path direction, on 
the waveguide path, thereby increasing the modulation efficiency. 

For accomplishing the above objects, an optical modulator according to the 
present invention comprises separating means for separating the incident light 
depending on the directions of polarization, polarized light control means for 
controlling the directions of polarization of light components, obtained on 
separation, to the same direction, and oscillation means for oscillating a modulating 
signal of a preset frequency. The optical modulator also comprises light 
propagating means for propagating the light incident on one end face thereof in the 
outward path direction or in the backward path direction, and optical modulating 
means arranged between the end faces for phase-roodulating the propagated light in 
dependence upon the modulating signal supplied from the oscillating means. The 
optical modulating means includes at least a light waveguide path, formed on a 
substrate exhibiting electro-optical effect, and an electrode formed on the light 
waveguide path for propagating the modulating signal, oscillated by the oscillation 
means, in the outward path direction or in the backward path direction. The optical 
modulating means phase-modulates the light propagated in the outward path 
direction by the modulating signal propagated in the outward path direction, while 
phase-modulating the light propagated in the backward path direction by the 
modulating signal propagated in the backward path direction. 

For accomplishing the above objects, an optical modulator according to the 
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present invention comprises separating means for separating the incident light 
depending on the directions of polarization, polarized light control means for 
controlling the direction of polarization of light components obtained on separation, 
to the same direction of polarization, and oscillation means for oscillating a 
modulating signal of a preset frequency. The optical modulator also includes 
resonator means made up of reflecting mirrors placed parallel to each other, and 
configured for propagating light incident at respective different angles from the 
polarization control means via one of the reflecting mirrors in the outward path 
direction or in the backward path direction for causing the resonant state, and light 
modulation means including at least a light waveguide path, formed on a substrate 
exhibiting electro-optical effect, and an electrode formed on the light waveguide 
path for propagating the modulating signal, oscillated by the oscillation means, in 
the outward path direction or in the backward path direction. The optical 
modulating means phase-modulates the light propagated in the outward path 
direction by the modulating signal propagated in the outward path direction, while 
phase-modulating the light propagated in the backward path direction by the 
modulating signal propagated in the backward path direction. 

With the optical modulator, in case the refractive index or the modulation 
efficiency of a material of light propagating means is strongly dependent on a 
particular direction of light polarization, the directions of light polarization of 
respective light components, separated by the light separating means depending on 
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the directions of light polarization, may be controlled to the same direction of 
polarization. Moreover, since the phase modulation may be applied not only to light 
propagated on the waveguide path in the outward direction but also to light 
propagated on the waveguide path in the backward direction, the modulation 
efficiency may be improved. Thus, even if the light supplied contains one or more 
optional components of polarized light, the optical phase modulation may be 
applied to the supplied light to high efficiency without dependency upon these 
polarized light components. 

Other objects and specified advantages of the present invention will become 
more apparent on reading the following explanation of preferred embodiments 
thereof in conjunction with the drawings. 

Fig.l is a schematic view of a structure illustrating the operating principle of 
a conventional optical frequency comb generator. 
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CLAIMS 

1. (Amended) An optical frequency comb generator comprising: 

oscillation means for oscillating a modulating signal of a preset frequency; 

resonator means composed of a light incident side reflecting mirror and a 
light exiting side reflecting mirror, parallel to said light incident side reflecting 
mirror, and configured for propagating light incident via said light incident side 
reflecting mirror in the outward path direction or in the backward path direction for 
causing the resonant state of the incident light; and 

optical modulating means arranged between said light incident side 
reflecting mirror and the light exiting side reflecting mirror, for phase^odulating 
the light resonant in said resonator means, responsive to said modulating signal 
supplied from said oscillation means, for generating a plurality of sidebands spaced 
apart from one another by an interval corresponding to the frequency of said 
modulating signals, with the frequency of the incident light as center; 

said optical modulating means including at least a light waveguide path, 
formed on a substrate exhibiting an electro-optical effect, and an electrode formed 
on said light waveguide path for propagating said modulating signal, oscillated by 
said oscillation means, in the outward path direction or in the backward path 
direction, said optical modulating means phase-modulates the light propagated in 
said outward path direction by said modulating signal propagated in said outward 
path direction, while phase-modulating the light propagated in said backward path 



51/1 

direction by said modulating signal propagated in said backward path direction. 
2. The optical frequency comb generator according to claim 1 wherein said light 
incident side reflecting mirror and/or the light exiting side reflecting mirror is a 
reflecting film formed on a light incident side end face and/or a light exiting side 
end face of said optical modulating means. 
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3. (Deleted) 

4. The optical frequency comb generator according to claim 3 further comprising: 

a reflector and a phase shifter, provided on one end of said electrode; said 
reflector reflecting the modulating signal supplied j&rom the opposite end of said 
electrode; said phase shifter adjusting the phase of the reflected modulating signal. 

5. The optical frequency comb generator according to claim 4 wherein said phase 
shifter adjusts the phase of said reflected modulating signal in dependence upon the 
shape of said electrode, frequency of said modulating signal and the group 
refractive index of said waveguide path. 

6. The optical frequency comb generator according to claim 3 wherein one end of 
said electrode is provided with a cut point or a shorting point for reflecting the 
modulating signal supplied from the opposite end thereof. 

7. The optical frequency comb generator according to claim 5 wherein said cut 
point or the shorting point in said electrode is adjusted in dependence upon the 
frequency of said modulating signal, phase shift at the time of reflection or the 
group refractive index of said waveguide path. 



53 

8. (Amended) An optical resonator comprising oscillation means for oscUlating a 
modulating signal of a preset frequency, light propagating means for propagating 
the light incident on one end face thereof in the outward path direction or in the 
backward path direction, and optical modulating means arranged between said end 
faces for modulating the phase of the propagated light in dependence upon said 
modulating signal supplied from said oscillation means; said optical modulating 
means including at least a light waveguide path, formed on a substrate exhibiting an 
electro^ptical effect, and an electrode formed on said light waveguide path for 
propagating said modulating signal, oscillated by said oscillation means, in the 
outward path direction or in the backward path direction, said optical modulating 
means phase-modulates the light propagated in said outward path direction by said 
modulating signal propagated in said outward path direction, while 
phase-modulating the light propagated in said backward path direction by said 
modulating signal propagated in said backward path direction. 

9. (Amended) An optical modulator comprising: 

separating means for separating the incident light depending on the 
directions of polarization, polarized light control means for controlling the direction 
of polarization of light components obtained on separation to the same direction, 
oscillation means for oscillating a modulating signal of a preset frequency, light 
propagating means for propagating the light incident on one end face thereof in the 
outward path direction or in the backward path direction, and optical modulating 
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means arranged between said end faces for phase-modulating the propagated Hght 
in dependence upon said modulating signal supplied from said oscillating means; 
said optical modulating means including at least a light waveguide path, formed on 
a substrate exhibiting an electro-optical effect, and an electrode formed on said 
light waveguide path for propagating said modulating signal, oscillated by said 
oscillation means, in the outward path direction or in the backward path direction, 
said optical modulating means phase-modulates the light propagated in said 
outward path direction by said modulating signal propagated in said outward path 
direction, while phase-modulating the light propagated in said backward path 
direction by said modulating signal propagated in said backward path direction. 
10. The optical modulator according to claim 9 wherein said light propagating 
means is a crystal device within which light is propagated as said light undergoes 
total reflection therein. 
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11. (Amended) An optical modulator comprising: 

separating means for separating the incident light depending on the 
directions of polarization, polarized light control means for controlling the direction 
of polarization of light components obtained on separation, to the same direction of 
polarization, oscillation means for oscillating a modulating signal of a preset 
frequency, resonator means made up of reflecting mirrors placed parallel to each 
other, and configured for propagating light incident at respective different angles 
from said polarization control means via one of said reflecting mirrors in the 
outward path direction or in the backward path direction for causing the resonant 
state, and optical modulating means for phase^odulating the light caused to be 
resonant in said resonance means, responsive to said modulating signal supplied for 
said oscillation means; said optical modulating means including at least a light 
waveguide path, formed on a substrate exhibiting an electro-optical effect, and an 
electrode formed on said light waveguide path for propagating said modulating 
signal, oscillated by said oscillation means, in the outward path direction or in the 
backward path direction, said optical modulating means phase^odulates the light 
propagated in said outward path direction by said modulating signal propagated in 
said outward path direction, while phase-modulating the light propagated in said 
backward path direction by said modulating signal propagated in said backward 
path direction. 

12. The optical modulator according to claim 1 1 wherein said separating means in 
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the optical modulator is formed of a birefringent material. 
13 (Added) An optical resonator comprising oscillation means for oscillating a 
modulating signal of a preset frequency, light propagating means for propagating 
the light incident on one end face thereof in the outward path direction or in the 
backward path direction, light reflecting means including at least one reflecting 
mirror provided on a light path inclusive of said light propagating means, said light 
reflecting means returning the light propagated from the hght incident side in the 
light path direction to the light incident side, and optical modulating means 
arranged between the light incident side and said reflecting mirror and adapted for 
phase-modulating the propagated light depending on said modulating signal 
supplied from said oscillation means; said optical modulating means including at 
least a light waveguide path, formed on a substrate exhibiting an electro-optical 
effect, and an electrode formed on said light waveguide path for propagating said 
modulating signal, oscillated by said oscillation means, in the outward path 
direction or in the backward path direction, said optical modulating means 
phase^odulates the light propagated in said outward path direction by said 
modulating signal propagated in said outward path direction, while 
phase-iiiodulating the light propagated in said backward path direction by said 
modulating signal propagated in said backward path direction. 



